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IMPROVED MERCURY ANALYSIS BY MiS 

I N T R O D U C T I O N  

Because of the posit ion of Hg i n  the periodic tab le  it is neces- 
sary to  use the L spectrum fo r  analysis.  The strongest L mercury 
l ine ,  La, occurs a t  35.92O28 (LiF c rys ta l )  which i s  near coinci- 
dence with cer ta in  tungsten L l i n e s  from the primary source, i.e,, 
the WLBl 37.12O. Wh, 36.01°. WL 36.55O. WLL 35.11°, 

B3 WLe4 
37.72O 28. It i s  not possible t o  use the HgLg l i n e  at 30.19*20 
b e c e e  t h i s  is interfered with by ASK l i n e s  at Kg = 3000701 

2 
KB5 a t  30.JA90, a t  30.43O, and Ih3 a t  30.46O 20; A publica- 

KB1 (1) t ion  by Salmon i n  1962 rhowed t h a t  by judicious use of f i l t e r s  
the L spectrum from the tungsten primary radiat ion source could 
be essent ia l ly  eliminated, The present investigation uses the 
method suggested by Salmon, 

T H E O R E T I C A L  

Because A s ,  an element commonly associated with mercury, inter- 
fe res  with the HgLB l ine ,  the HgLa must be used. Table 1 shows 
the l i n e s  i n  the region of the HgL, t h a t  may produce sources of 
interference for  prac t ica l  analyses of mercury. 

The most serious problem is with the WL l ines .  The strongest  
absorber of WL l i n e s  would be an element with an absorption edge 
jus t  la rger  than the VJL emission l ines .  The WL emission l i n e s  
occur a t  about 1,476OA. N i  has i t s  K absorption edge a t  1.488OA 
and would most strongly absorb the TFJL l ines ,  A N i  f i l t e r  placed 
over the x-ray tube window would absorb both K and LW l ines ,  but  
would absorb the L about 500 times a s  grea t  a s  the WK energy- 
The r e s u l t  should be thet enough K energy would be l e f t  t o  exc i te  
the Hg secondary l ines ,  but i f  the f i l t e r  thickness is properly 
chogen most of the  WL interference would he absorbed. 

E X P E R I M E N T A L  

A one m i l  thick N i  m t a l  f o i l  of about 1 "  square was placed over 
the  x-ray tube window, In addition, a one mil th ick (1" square) 
of aluminum was placed over the N i  f i l t e r .  The A 1  would help - 

absorb the secondary N i  radiation ar i s ing  from the f i l t e r .  Scans 
w e r e  made on st.eari.c acid znd on quartz with the f i l t e r  "sand- 
wich" i n  place and compared t o  scans without the f i l t e r s .  The 
a f f e c t  of the Eil tex  i s  very s t r ik ing  and is  shown i n  f igs .  1 and 
2. Pract ical ly  a l l  the WLB is  absorbed by the one m i l  of N i .  



Table 1 
LINES OCCURINO N m R  THE HgL, AWILYTICAL LINE 

LINE - ORDER - 28 COMTuIENT 

 lo 1 35.021 Possible proble m, some 

1 
35-11 t 28 separat ion 

*332 
'3 35-38 Low in tens i ty ,  poss ib le  

problem 

L 
B7 

1 35.38 Low in tens i ty ,  poss ible  
problem 

2 35-86 Low in tens i ty ,  poss ible  
problem 

2 35 -92 Low in tens i ty ,  poss ible  
problem 

1 35.92 Analytical  Hg l i n e  

1 35-98 Low in tens i ty ,  poss ible  
problem 

1 36-01 Interference 

1 36-07 In terference 

1 36-25 Too l o w  i n t e n s i t y  for 
ana ly t i ca l  l i n e  

3 36-28 Low in tens i ty ,  poss ible  
problem 

K ~ l  
2 36.58 Serious in ter ference 

2 36.64 Low in tens i ty ,  poss ib le  
problem 

=532 
3 37 -00 Very low i n t e n s i t y  

L 
B1 

1 37.12 Serious in ter ference 

K332 
1 37.18 Low in tens i ty ,  no problem 

535 
1 37-21 Low in tens i ty ,  no problem 



There was a small amount of NiKa t h a t  the  A 1  f i l t e r  d i d  not  ab- 
sorb, These conditions would prevent a N i  analys is  when using 
the  f i l t e r ,  A very t h i n  Co f i l t e r  could possibly be used t o  
absorb a l l  the  N i K  i f  t h a t  was desired,  

It w i l l  be noticed t h a t  f igures  1 and 2 compare the scan w i t  4 and without the  f i l ter ,  bu t  at d i f f e r e n t  scale fac tors ;  l 2 U O  3: 

f u l l  s ca l e  with the  f i l t e r  and 5 x 1 0 ~  = f u l l  scale without the  
f i l t e r .  This simply represents  the t o t a l  rad ia t ion  coming 
through, and a measure of peak t o  background i s  a more p r a c t i c a l  
way of determining the eff ic iency of the  f i l t e r s ,  The r e s u l t  
of the  f i l t e r  is  t o  remove e s sen t i a l l y  a l l  the  Q rad ia t ion  
that in te r fe red  with the  HgLa ana ly t ica l  l i n e  making the  analysis 
possible.  

An ana ly t i ca l  l i n e  of Hg concentration vs gross counts/second 
w a s  formed and i s  shown i n  f i g ,  3. Several favorable fea tures  
are indicated: 1) a s t r a i g h t  - l i n e  re la t ionsh ip  between con- 
centra t ion and x-ray in tensi ty ;  2 )  a d e t e c t a b i l i t y  of 0,05% Hg; 
and, 3)  an adequate counting ra te -of  about 1000 cps/k Hg. 

The e f f e c t  of the f i l t e r  on other  elements such as Cur Pb, and 
Zn w a s  t o  lower the  overa l l  i n t ens i ty  by a fac tor  of about 10, 
but  the  peak t o  background was b e t t e r  with the f i l t e r  than with- 
out ,  Cu, Pb, and Zn analys is  could 'be run with the  f i l t e r  in 
place. 

Finally,  tests were made t o  see if the other  po ten t ia l ly  in te r -  
fe r ing  elements shown i n  table 1, i,e., Sb, Pb, 1tb, and Zn, did, 
i n  fact, i n t e r f e re .  It w a s  found t h a t  10% of Sb, Pb, and Zn 
produced no interference,  bu t  a s  l i t t l e  as 0.5% b!b d i d  in te r fe re .  
One would have t o  be sure  that the 1.0 i n  the  sample was less than 
0.5% fo r  the  Hg analys is  t o  be val id ,  
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HgM l ine  
40 Kv,40 ma 
4V Baseline 
1 7 V  Window 
F.S. = 5 x 10 
LiF Crystal 
960V. Counter 

FIGURE 1. Scan from 4 2 O  to 34O2 8 
with no f i l t e r  using a quartz 

scatterer to show the W l b  
l ines  that interfere with 
the HgLd analytical l ine  



Hg Ld line 
position 

FIGURE 2. Scan from 41' to 34O28 with 
1 mil Ni + 1 Mil A1 filters - 
all other conditions as in 
Fig. 1; shows no Wb primary 

radiation. 



10,000 

1000 

LOO 

Gross Count/Sec. 

0.10 
Wt. % Hg 

FIGURE 3. Analytical line on HgLd, using 
filter sandwitch describer. 

40 Kv, 40 ma. LiF crystal 
4v Baseline 960 V. Counter 
17v Window Scan counting 


